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© A melt transesterification process for the production of polycarbonates, wherein at least one bis(aryl)- 
carbonate is reacted with at least one dihydric phenol in the melted state, in the presence of a transesterification 
catalyst comprising at least one heterocyclic borate salt of the formula: 

M+B(R) n <A)- 4 _ n (Ij 

where M + is an alkali metal, tetra-alkylammonium, tetra-arylammonium. tetra-alkylphosphonium and tetra- 
arylphosphonium ion; R is H, alkyl, aryl or aralkyl; n is an integer from 0-3; and A is an aromatic or aliphatic 
heterocyclic ring. 
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BACKGROUND OF THE INVENTION 
Field of the Inv ention 

The present invention relates to a melt transesterification process for the production of polycarbonates 
More particularly, the invention relates to a melt transesterification process -if reacting a bis(aryl)carbonate 
and a dihydric phenol in the presence of a heterocyclic borate .salt catalyst.. 

Discussion of the Background \ , . . / 

The conventional method for the production of polycarbonates is an interfacial polymerization route 
employing phosgene as. a raw material. Because of its toxicity and difficulties in transportation, phosgene 
causes considerable safety problems. It is usually manufactured on-site in a dedicated plant and transferred 
by p.pehne to the vessel where it is to be used. Toxicity considerations notwithstanding, when phosgene is 
2£ta!l^l^^ 98 3 by " pr0duct ' iS converted to sodium chloride, the disposal of which presents 

. Thus, considerable effort has been devoted- to replacing phosgene in polycarbonate manufacturing A - 
non-phosgene route of particular interest involves the production of dimethyl carbonate (DMC) by oxidative 

V^^T^'r^^ 01 ''^ Carb6n monoxlde and oxygen (US 4,218.391, US 4,318,862 and US 
3,963,586), The DMC ,s converted to a bis(aryl)carbonate by reaction with the corresponding phenol For 
4 4i a 0464) donate (DPC) is obtained by reaction of DMC with phenol (US 4,554 110 and US 

The Preparation of aromatic polycarbonates from a bis(aryl)carbonate and, a dihydric phenol, such as 
Dispnenol-A (BPA). is performed by means of a transesterification process; which takes place in the melted 
state m the presence of a catalyst. In US 4.330,664, hydrides of aluminum or boron are used for this 
purpose; particularly preferred are tetramethylammonium borohydride and lithium aluminum hydride 
Japanese Application 62-158719 describes the preparation of polycarbonate by a transesterification route in 
the presence of KBH 4 as catalyst. In an alternative , method;. Japanese Application 62-169821 discloses a 
process ,n which a quaternary ammonium borohydride compound of formula* RVNBH* is employed where 
30 R isa C,-C* alkyl, a Cs-Cio aryl or a C 6 -Cio arylalkyl group. ' 

SUMMARY OF THE INVENTION 
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« ™u I f 7 d,SC ? ver8d that lt p °^ Sib,e ' t0 achieve a much f aster, rate and completion of the melt 
35 polycarbonate- transesterification by using heterocyclic ; borate salts as catalysts. ' As a consequence 'it is 
possible ; o produce polycarbonates endowed ; with particularly high molecular weights. 'Moreover , the 
heterocycl^borate salts offer other advantages, such as better solubility in reactants and products and' very 
slight color due to by-products in the final polycarbonate: w ■ y 

A ° DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS " "'' :: ' : 

The present- invention relates to "af melt transesterification process .for" the production "of polycarbonates 
where at least one bis(aryl)carbonate is reacted with at least one dihydric phenol' in tWmelt phase, in the 
presence of a-transesterification catalyst comprising at least one heterocyclic borate salt of the formula: f 

M + B(R) n (A)- 4 _ n (I) ... ■ 

where M + is an alkali metal, tetra-alkylam^ or te i' ra . 

so l Z R *"' ^ ary ' °- ara,ky ' ; IS : an inte ^ ,,r ^ H> nd A' is'an aromatic or aliphatic 

- The b4s(aryl)carbonates, also commonly referred to as carbonic acid aromatic diesters, which can be 
used in the. process of the present invention are well known in the art' (see" U6 '"4,330.664) and have the 
general -formula: ■>•'' r : <■• .- .« • «t . . ♦.. \-. .. . r 
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where R\ arid R 2 are, individually, selected from .the group of fluorine, chlorine, bromine, hydroxy and 
methoxy groups! as. well Jas Ci-Cfjo .alkyU : .C 3 -C8 . cycloalfcyJ^ Cs-Cio.-iaryl, and C7-C4 aralkyl groups, 
optionally having one or' rnpire,, preferably : 1-3. substUuents selected from fluorine, chlorine, bromine, 
hydroxy and methoxy groups; rr^and n are the sarpe.or, different and range from 0 to 5v ; 

Examples of these bis(aryl)carbonates, include diphenyl carbonate, dicresyl carbonate, 'bis(2- 
chlorophenyljcarbonate, the bis-phenyl, carbonates of hydrpquinone. resorcinol. and 4,4'-dihydroxydiphenyl, 

etc - . i w , • *. i • •>'.*. ". ' ■ 1 •• \ '• 

" The dihydric phenols.. also commp.nly referred to as.,aromatic dihydroxy compounds; which carf.be used 
in the process, of the present invention are also, well known , (US 3.153.008). Preferred dihydric phenols are 
of the formula! , . V t ,/ - . . . >t1 m . : - t .. . i v . • - • 



: '" (til) , 



where R3 and FU, individually, are selected from ,the. group of fluorine, chlorine, bromine and methoxy 
groups, as well as C1-C10 ,alkyl, C 3 -Ca cycloalkyl,. Cs.-Qio .aryl and C?-Cm aralkyl groups, optionally having 

35 one or more, f preferably 1-3, su'bstituents selected from fluorinQ, chlorine, bromine and methoxy groups; R5 
and Re, individually, are r^ydroqen. Ci-C^o alkyj, Gj-Qs .cycloalkyl. Cs-Cio. aryl: or.C7-Ct* aralkyl. groups, 
optionally containing one or more, preferably 1-3, substituents, selected from fluorine.* chlorine, bromine; 
trifluoromethyl and methoxy groups; p and q, individually, range from 0 to 4. 

Specific examples of dihydric phenols suitable for, use in,the present invention include: * .1 , ' • 

40 4,4 , -dihydroxy-diphenyl-2,2-propane (commonly known as bisphenol-A), 4,4 , -dihydroxy-diphenyl-l, butane. 
4,4 , -dihydroxy-diphenyl-2^hloro ; phenyl methane, 4,4*-dihydroxy-3-methoxyTdiphenyl-2,2-propane 1 . 1 
4,4 , -^ihydroxy-3-isop ) rbpyl-diphe^ !}.,,: \ - 

4,4'-dihydr6xy-dp^ , ' . . 5f . (> ,[ V ; • .... . . . . . . • - i , 

4,4 , -dihydroxy-2,2\3.3 , ,5,5\6 1 6 , -octamethyi-diphenyl methane. 

45 4,4'-dihydroxy-2,2 , -dimethyl-5.5 , -di-ter-butyl-diphenyl methane. ' . . , . . 

4,4 , -dihydroxy-3,3'-5,5'-tetrachloro-diphenyl-2,2-propane, 

4,4 , -dihydroxy-3,3',5,5Metrabromo^ ,.•-...•«,.* ' . i, "-. f '■■ 

4,4'-dihydroxy-3 , ,3\5.5 r -t^ , ^ • .... 

' The heterocyclic borate salts of formula (I) are borate salts in which the boron atom is bonded to the 

so heterocyclic rings. The heterocyclic rino,s generally contain fro rp ..1 ( tq 3 heteroatoms selected from the 
group of nitrogen,' oxygerf /and sulphur and have 5-18 ring atoms. Preferably, . the heterocyclic ■ ring is 
imidazole, berizimidazole.'thiazole. oxazole, triazote, thiophene, furan, carbazole. pyrrole, indole, indoline. 
pyrrolidine, piperidine, piperazine, phenoxasine. phenothiazine. morpholine, etc. Particularly preferred are 
the heterocyclic rings containing from 1 to 3 nitrogen atoms, with a ring size of from 5 to 18 members. 

55 More particularly, the imidazole ring is preferred. The heterocyclic ring may be saturated or unsaturated and 
can be substituted with non-reactive groups, preferably 1-3 groups such as C1-C10 alkyl. C 3 -C 8 cycloalkyl, 
C6-C10 aryl. or C7-C1* aralkyl groups. 
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As counter ions M\ alkali metal ions, such as lithium, sodium, or potassium, can be used. Alternatively, 
,tetra-alkylammonium, tetra-arylammonium, tetra-alkylphosphonium and tetra-ary I phosphonium cations can 
be employed, where the alkyl groups, individually, contain from 1 to 6 carbon atoms,' while the aryl groups, 
individually, contain from 6 to 10 carbon atoms. The alkyl and aryl groups may be the same or different. 
5 Preferred tetraalkyl cations are the tetramethyl, tetraethyl, tetrapropyl arid tetrabutyl ammonium and 

phosphonium cations. Preferred tetraaryl cations are tetraphenyl ammonium and tetraphenyl phosphohium 
cations. The .ammonium and phosphonium ions are particularly preferred, since they are able to further 
increase the solubility of the catalyst in the* monomer melt; which greatly" facilitates the homogeneity of the 
melt mixture. . » • ■ 1 ■ 

w Specific examples of heterocyclic borate salts suitable as catalysts for the present invention are sodium 
tetrakis(.1-imidazolyl)borate, lithium tetrakis{2-thienyl)bdrate,* lithium tetrakis<2-furyl)bdrate, sbcJiuVn tetrakis{1- 
benzimidazolyl)borate, sodium and lithium tetrakis(3-thiazolyl)borate, as well as the tetramethyiammoniu'm, 
tetraethylammonium, tetrapropylammonium, tetrabutylammonium, tetramethyjphosphonium, tetraethyl- 
phosphonium, tetrapropylphosphonium, and tetrabutylphosphonium salts of tetrakis(1-imidazolyljborate, 
75 tetrakis(pyrrolidyl)borate, tetrakis(3-thiazolidyl)borate, tetrakis(l-benzimidazolyl) borate, tetrakis(2-thienyl)- 
borate, and tetrakis(2-fury I) borate. 

The borate salt catalysts of the present invention can be prepared by reacting boron trichloride (BCI 3 ) in 
a dry solvent with a preformed solution of an brgaholithium compound corresponding to the heterocyclic 
group of the catalyst .to .form the corresponding tri(heterocycle) boron compound. The tri (heterocycle) boron 
20 is then further reacted with an additional equivalent of the same organolithium compound to" form the lithium 
tetrakis(heterocycle)borate catalyst. * -? 

For example, lithium tetrakis(2-thienyl)borate is- prepared by reacting boron trichloride with 2-thienyl 
lithium under a protective gas atmosphere (typically argon 1 or nitrogen) to form trithienyr boron. The 
trithienyl boron is further reacted with- one equivalent 'of 2-thienyl lithium to form the desired lithium tetrakis- 
25 (2-thienyl) borate catalyst. Similarly, catalysts having imidazole, benzimidazole, thiazole. qxazole,.triazole, 
thiophene, furan, carbazole, pyrrole, indole, indoline, ' pyrrolidine, piperidine, piper'azine, phenoxazine] 
phenothiazine and morpholine groups are prepared by reacting boron trichloride with a preformed solution 
of the corresponding lithium heterocycle to form the corresponding tri (heterocycle) boron compounds. 
Reaction of an additional equivalent of the lithium heterbcycfe with the tri (heterocy cle) boron produces the 
• 30 desired, lithium tetrakis(heterocycle)borate catalysts. ;1 ' 

Borate salts containing 1-3 R groups where M + is an alkali metal ion are prepared from the alkali metal 
borohydrides, i.e.,- sodium borohydride (NaBH*),V ; iDo'tassium borohydride (KBH 4 ), lithium borohydride 
(LiBI-U), etc. The alkali metal borohydride is heated in a dry solvent under a protective gas atmosphere with 
1, 2, 3 or 4 equivalents of the desired heterocyclic compound to produce the corresponding alkali metal 
35 borate salts containing 1 , 2, 3 and 4 heterocyclic groups, respectively. 

The reaction mixture is heated to a temperature sufficient to evolve hydrogen gas (H 2 ). The temperature 
is then slowly increased to drive the reaction to completion. The heating temperature will, of course, depend 
on the particular . solvent used to prepare the borate salt catalysts. Suitable solvents include' N-methyl 
pyrrolidone (NMP), dimethyl acetamide (OMAC)/ dimethyl fbrmamide (DMF), etc. Heating is generally 
40 conducted in the temperature range from • about 1 00 • C to about 300 • C. The highest temperature should be 
below the . decomposition; temperature of the- starting materials' and products. After cooling the reaction 
mixture, the borate salt' catalyst can be isolated by crystallization and filtration (An'alytica' Che'mica Acta 
100:457-467, 1978). * ■ ■!•■-... 

The ammonium and phosphonium borate salts are prepared directly from the alkali metal borate salts 
45 using a metathetical reaction in aqueous solvent. ■ For example', ' the' tetraalkylamrnonium salt's can be 
prepared from the lithium or potassium salts by reacting the alkali metal borate salt in water with a 
tetraalkylamrnonium halide salt: After stirring, the tetraalkyfammdnium borate salt can" be, extracted from the 
aqueous , solution -with an organic solvent and : isolated by evaporation of the organic solvent.' Preferred 
tetraalkylamrnonium halide salts are the chloride and bromide salts. : ' " ' 

so Similarly;- the tetraalkyl phosphonium' borate salt catalysts are prepared by metathetical reactions with 
the corresponding tetraalkylphosphoniurri halide salts' and the alkali metal' borate salts to form the tetraalkyl 
phosphonium borate' salt catalysts. ' Preferred tetraalkyl phdsphonium halides are the chlorides and bro- 
mides. '..•■■'■.« ..'••<■•<, ,.i , ■ 

Alkali metal borate salt catalysts in which the boron is substituted with one or more. alkyl, aryl, or aralkyl 
65 groups (R) are prepared from the corresponding borate' salts containing 'i, 2, 3 or 4 hydrogen atoms 
bonded to boron which are themselves prepared from sodium borohydride, potassium borohydride, lithium 
borohydride. etc." as described above/ Reaction of 'the alkali metal borohydride' with 1-4 equivalents of an 
organolithium compound (RLi) produces the coire'sponding borohydride having 1 , 2, J 3 or 4 alkyl, aryl, or 
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aralkyl groups bonded . to . the boron atom. The corresponding tetraalkylammonium and tetraalkyl 
phosphonium salts are prepared directly from these alkali metal borate salts by a metatheticai reaction as 
described above. . , , u 

In general, effective ratios of heterocyclic borate salt to the dihydric phenol are within the range of from 
5 about 0.01 to 0.5 mole %. preferably from -0.05 to OJ 5 mole%. 

The transesterification reaction is .generally conducted ,at temperatures ranging from ^about 200 -: to 
300 *C. preferably from 220' to. 280 "C, under an inert atmosphere and/or reduced pressure. 

Other features of the invention will become apparent in the course of the following descriptions of 
exemplary embodiments which are given »for illustration of the . invention but are not intended to be limiting 
io thereof. Examples reduced \o- practice in the laboratory are presented in the past tense, while examples 
constructively reduced to practice are presented in the present tense.- . , . ... 

- ■ • * \ ■« ..)»."• . > , • 

EXAMPLES , ... . . . . ... 

75 EXAMPLE 1 - SODIUM TETRAKIS (1-BENZIM1DAZOLYL) BORATE ■ . 

To a stirred solution of benzirnida2ple(4.72.g, .40 mmole) in hexamethyl phosphoramide (10 ml) was 
added sodium borohydride ,(0.33 g, 10 mmole). in one portion, .The mixture- was heated under nitrogen 
gradually, to .the molten state with a heating mantle; hydrogen evolution, started; near 100 'C.' The 
20 temperature was slowly increased to 260 *C. with the rate of increase adjusted according to the rate of 
hydrogen, evolution. The heating was stopped 10 minutes after hydrogen evolution ceased; the mixture was 
cooled to 80* C and 40 ml of tetrahydrofuran.fTHF), was added slowly. A yellow-white solid appeared- upon 
the. addition oj tetrahydrpfu ran. After filtration, the solid was washed with acetone and dried (4.35 g. 95%). : 
..... . »: ' ....... « 

25 EXAMPLE 2 - LITHIUM TETRAKIS (2-FURYL) BORATE , ; , 

to a stirred solution of boron trichloride (10 ml, 1M solution in hexane) in dry. tetrahydrof u ran (40 nil) is 
added a preformed solution of 2-furyl r lithium (30 ml, ; 1M solution in tetrahydrofuran). dropwise at O'Cunder 
nitrogen. After 1 hour, the mixture is filtered, the solution is dried; and concentrated to obtain quantitative 
30 .yield of trifurylboron. . » . • . ,r ..i ■i- 1 : - 

'. The trifurylboron is further dissolved .in dry tetrahydrpfu ran. (30 ml), one, equivalent of 2-furyllithium is 
added dropwise to the mixture of 0*C under, nitrpgen^The.precipitateJormed is filtered and dried to obtain 
pure lithium teVa(2 : fury'l)bbrate. , j# . •. •. -*'. 

35 EXAMPLE .3 - LITHIUM, TETRAKIS (2-TfllENYL)., BORATE , lt r. • . f -i 

Tp.a stirred' solution of boron trichloride (10 ml, 1 M solution of hexane) in.dryuTHF (40 ml) is added a 
preformed solution of 2-thienyllithium (3Q mj, ,1M solution of THF) dropwise at 0.*:C uncTer-tnitrogen/ After 
one hour, the mixture is filtered, the solution is driep* and .cpncentrated to obtain trithienyl boron. • 1 ■ ■ 
40 ' The trithienylboron is further dissolved Jn dry. tetrahydrof uran* (30 ml), one equivalent of 2-thienyllithium 
is added dropwise to the mixture at 0'C under nitrogen, ,Jhe -precipitate formed is.filtered and dried to 
obtain pure lithium tetra(2-thienyi)borate. 

. . .. , ■ • ' , • ,.,'■]. 'i ... • -.. 1 . . ■ ' '«;« 

EXAMPLE 4 - SODIUiM tETRAKIS(THIAZOLIDYL) .BORATE, . ... s. * • • 

To a. stirred soiutipn of thiazolidine (3.57 g, 40 mmoJe)Jn hexamethyl phosphoramide (15 ml) is r added 
'sodium borohydride (0.33 g, 10 mmole) in one portion,. The mixture. is heated und en nitrogen .gradually to 
the molten state with a heating mantle; hydrogen evolution, starts near 60". C. The temperature Is slowly 
increased to 260 'C, with the rate of, increase adjusted according to. the. ; raie. of hydrogen evolution. . The 
heating is stopped 10 minutes after hydrogen evolution ceased; v the mixture is cooled to 80* C . and 40 ml of 
tetrahydrofuran is added slowly.' A white solid appears i: uppr\ the > addition of .THF. After filtration,- the solid 
was washed with acetone and dried to get pure product (3.44g, 90%). 
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EXAMPLES' - T.ETRABUtYLAMMONlijM TETR AK j S ] (2-T H 1 Eft Y L) BORATE . ....... 

To a stirred solution of tetrabutylarnmonium .bromide (3.22 g.^lO.mmole). in- water (25 ml) is added. in 
one portion a'/ solution of lithium tetra(2-thieny l)bor^te. ? (3.43, g. mmole) in water .(15- ml). The- mixture, is- 
stirred at room temperature for two hours then extracted with methylene chloride (200 ml). The organic 
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layer is dried over anhydrous sodium sulfate and concentrated to obtain pure product (5.32 g, 92%). { 

EXAMPLE 6 - TETRABUTYLAMMONIUM TETRAKIS (1-BENZIMIDAZOLYL) BORATE 

5 . To a. stirred solution of tetrabutylammonium bromide- (3.22 g, 10 m'mole) In' water (25 ml) is added in 
one portion a solution of sodium tetrakis(1-benzimidazolyl)borate (4.77 g, 10 mmole) in water (40 ml). The 
mixture is stirred at room temperature for two hours then extracted with methylene chloride (250 ml). The 
organic layer is dried over anhydrous sodium sulfate and concentrated to obtain pure product '(6 26 a 
90%). ' y ' 

EXAMPLE 7 - TETRABUTYLPHOSPHONIUM TETRAKIS (2-THIENYL) BORATE 

To a stirred solution of tetrabutylphosphonium chloride (2.95 g, 10 mmole) in water (25 ml) is added in 
one portion a solution of lithium tetra(2-thienyl)borate (3.43 g, 10 mmole) in water* (15 ml): The mixture is 
15 stirred at room temperature for two hours then extracted with methylene chloride (200 ml). The organic 
layer is dried over anhydrous sodium sulfate and concentrated to obtain pure product (5:21 g', 90%): ' 

EXAMPLE 8 - TETRABUTYLAMMONIUM TETRAKIS (1 -IMIDAZOLYL) BOR ATE 

j— ; — ■ 

20 To a stirred solution of tetrabutylammonium bromide (3.22 g, 10 mmole) in water (25 ml) is added in 

one. portion a solution of } sodiu|^;tetrakis(1-imidazolyj)borate (3.02 g, 10 "mmole, purchased from Aldrich 
Chemical Co., Inc.) in water (15 ml). The mixture is stirred at room temperature for two hours then extracted 
with methylene chloride (200. ml). The organic layer is dried over anhydrous sodium sulfate and con- 
centrated to obtain pure product (4.74 g, yield 91%). >>.,,-,- 

EXAMPLE 9 - TETRABUTYLPHOSPHONIUM TETRAKIS (l-IMIDAZOLYL)BORATE [ 

, To. a stirred solution of tetrabutylphosphonium chloride (2.95 g, 10 mmole) in water (25 ml) is added -in 
one portion a solution of sodium tetrakis(1-imidazolyl)borate (3.02 g, 10 mmole) in water, (15 ml): The 
30 mixture is stirred at room temperature for 2 hours then extracted with methylene chloride '(200 ml). The 
organic layer is dried over sodium, sulfate (anhydrous), concentrated to obtain pure product (4 96 q yield 
92%).' ' * * . • . 

; ; • , ,; ; ••■/•"■•- 5 . . . ' , ; •. .. 

EXAMPLE 10 • ! 'i. ■-■ ' ; 

. 228 g (1.00 mpje) of Bispheno! 7 A, 224 g (1.05 mole) of diphenyl carbonate and 0.52,g (0.001 mole) of 
tetrabutylammonium tetrakis ( 1-imidazoly I) borate were ; added, to a four necked glass reactor. The reactor 
was equipped with a steel mechanical stirrer, ,a digital thermometer, and a heating mantle having a digital 
temperature ' controller. For the .removal of phenol, excess diphenyl carbonate and. volatile by-products, the 

40 reactor was connected to a short path distillation bead>with : a vacuum adapter and heating tape. . . ■ 

; The reaction mixture was blanketed under a slow strearn of argon and, heated with the mantle having an 
initial set point of 200 ;|C as the internal temperature. After : 10 minutes, when the mixture melted to provide 
a clear colorless liquid, the reactor was evacuated. to. a pressure . of . 20 mmHg with a water aspirator to 
facilitate the r-emoval by distillation of the primary by-product, i.e. phenol. The set point of the heater was 

45 raised to an internal temperature pf 220'C for 20 minutes., Then, the reaction. mixture was. heated to. 260* C 
in 10' C increments for a total of 30 minutes. After 10 minutes at 260 'C, the reactor pressure was further 
reduced to 0.5 mmHg using a high vacuum pump, and ; mainfold. This was to assure the. removal of the 
diphenyl carbonate which was formed, on heating : the low molecular weight intermediate. product. The 1irst 
stage melt polymerization was completed by heating, for additional 20 minutes at -260- C. The mixture 

so remained colorless throughout, these procedures. ; < > 

'the final. reaction mixture, was allowed, to. cool under argon to ambient temperature. .Then it was 
dissolved in 1,0 liter of chlorofprrn and .added dropwise to 3.0 liters, of methanol with rapid stirring over two 
hours. Analysis by gas phase chromatography (GPC) indicated „a p M w == 17,000. when compared to known 
calibration standards. The differential .scanning calorimetry (DSC) data.showed.a Tg of 140 *C for this first 

55 stage polymer. ■• : ;•.%»,.»..•'•■•.• » ; .. { ■ -...j : 
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EXAMPLE 11 



The same reaction conditions and procedure of Example 10 were employed, using tetrabutyl- 
phosphonium tetrakis (1 -imidazolyl) borate as the catalyst. Analysis by. GPC indicated M w = 21,000 when 
5 compared to known calibration standards. The. DSC data showed a T g of 138 * C for this first stage polymer. 

EXAMPLE 12 ' ... 

The same reaction conditions and procedure of Example 10 were employed, using sodium tetrakis (1* 
w imidazolyl) borate as the catalyst. .Analysis -by GPC indicated a ".Mw = 13,000 when compared to known 
calibration standards. The DSC data showed a f 9 of 120*C for this first stage polymer. 



75 



EXAMPLES 13-16 (COMPARATIVE),, 



The .same reaction conditions, and procedure of .Example , 10.- were employed- to test.- melt tran- 
sesterification catalysts of the prior art. The results are reported, for ease of comparison, in Table I. 

■ r • ■*•*•.• " " ' ■*• • «i ' ■ * • 

TABLE I. 



20 



■EX. 


CATALYST 


CUMULATIVE 
REACTION TIME (hr) 


REACTION tEMP. (•dfPRESS. (mmHg) 


tgCC) 


~Mw 


10 


n-Bu 4 NB(lm)4 


1.5 


• .200-260/20-0.5 •> 


140 '* 


17,000 


11 


n-Bu4 PB(lm)4 


1.5 


200-260/20-0.5 


138 


21.000 


12 


NaBflm)* 


1.5 


200-260/20-0.5 


120 


13,000 


13* 


NaB(Ph) 4 


v .1.5 *: 


' • ' 200-260/20-0.5 


109* 


11,000 


14* 


Me4NBH4_ 




t . t .., ,200-270/30-0.5 i . . 


: 118 . 


12,000 


15- 
16" 


n-Bu4NB(Ph)4 

(Ph)4PB(Ph) 4 


: • • 1.5 * ■' ■ 
1.5 


'' * 2u6-260/20-0.5 ' : 
200-260/20-0.5 


121 
129 


12,000' 

16,000 
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'Comparative examples. 
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. The experimental data reported in Table I clearly snow that by " using heterocyclic borate salts, it is 
possible to achieve rate's of polymerization nearly double with' respect to those of 1 the prior art. Compare, for 
instance, Exampfo 2, where tetrabutylphosphonium tetrakis (1 -imidazolyl) borate is' used, with Example 5 in 
which tetramethylammonium borohydride is employed. Moreover,' some other benefits are achieved Ipy 




most suitable catalyst for specific polymerization condition's*. 
EXAMPLE 17 - TETRABTH YLAM MON I UM (l-PYRROLYL)'TRIPHENYLBORATE 



.1 - v:l 



A mixtue of sodium hydride (0.45 g, 19 mmble) and tripheriylboron (3.6 g, 15 mmolej in tetrahydrofurari 
(100 ml) was slowly addedto a stirred solution of pyrrole (i .01 'g.' 15 mmble) in anhydrous tetrahydrofuran! 
The mixture was stirred for five hours under nitrogen at room temperature. 'and the resulting dark solution 
was filtered through filter paper and diluted with an equal amount of water. An excess of tetraethylam- 
monium chloride solution was added slowly and the precipitate' which formed was collected, dissolved in 
acetone and purified by addition of the acetone solution to water. The' product tetraethylammonium (i- 
■ pyrrole)triphenylborate was collected (4.52 g; 72%); ' ' j- ' "-■ • 

Obviously, 'numerous modifications and Variations of the present 'invention are possible in light of the 
above teachings. It is therefore to be understood that within the scope of the appended claims! the invention 
may be practiced otherwise than as specifically described herein. 
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Claims 

1. ■ A melt transesterification process for the production of polycarbonates, comprising: ' ' ' ."' ' 

reacting a bis(aryl)carbonate with a dihydric phenol in the melt phase, in the' presence of a 
transesterification catalyst comprising at least one heterocyclic borate salt of the 'formula: 

M + B(R) n (A)- 4 _ n (I) 

wherein M + is selected from the group consisting of alkali metal, tetra-alkylammonium, tetra-arylam- 
monium, tetra-alkylphosphonium and tetra-arylphbsphonium ions; R is : H, alKyl, aryl or aralkyl; n is an 
inteiger from 0-3; and A is an aromatic or aliphatic heterocyclic ring! * 

2. The process of Claim 1, wherein said bis(aryl)carbonate has the formula- 



( R l)n (R 2 )m 



20 




25 wherein R, and R 2 , individually, are selected from the group consisting of fluorine, chlorine, bromine, 
hydroxy, methoxy, C1-C10 alkyl, Cs-Ca cycloalkyl, Ce-Cio aryl, and C 7 -C* arylalkyl groups, optionally 
having one or more substituents selected from the group consisting of fluorine/ chlorine, bromine, 
hydroxy and methoxy groups; m and n, individually, are 0-5. 

30 3. The process of Claim 2, wherein said bis(aryl)carbonate is diphenyl carbonate. 

4. The process according to Claim 1, wherein said dihydric phenol has the formula: ,. - 




wherein R 3 and R*. individually, are selected from the group consisting .of fluorine, chlorine, bromine, 
hydroxy, methoxy, C1-C10 alkyl, Cs-Ca cycloalkyl, Ce-Cio aryl, and C 7 -Ci* aralkyl' groups, optionally 
having one or more substituents selected from the group consisting, of fluorine, chlorine,, bromine, 
hydroxy and methoxy groups; Ffe and Ffe, individually, are hydrogen, Ci-Ci'o alkyl! C 5 -C 8 cycloalkyl, 
C G -Cio aryl, or C 7 -Ci* aralkyl groups, optionally having one or more substituents selected from the 
group consisting of fluorine, chlorine, bromine, hydroxy and methoxy groups; p and q, individually, are 
0-4. 

5. The process of Claim 4, wherein said dihydric phenol is 4,4'-dihydroxy-diphenyl-2,2-propane. 

6. ' The process of Claim 1, wherein said heterocyclic ring A contains from 1 to 3 heteroatoms selected 

from the group consisting of nitrogen, oxygen and sulphur. 
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7. The process of Claim 6, wherein said heterocyclic ring A is selected from the group Consisting of 
imidazole, benzimidazole, thiazole, oxazole, triazole, thiophene, furan, cacbazole, pyrrole, indole, in- 
doline, pyrrolidine, piperidine, piperazine, phenoxazine, phenothiazine,. morpholine. optionally substi- 
tuted with a sub.stituent selected from the group, consisting of CirCio alkyl, C 3 -Cg cycloalkyl.-Cs-Cio 
5 aryf, and C7-C1* arylalkyl groups. 

a The process of Claim 7, wherein said heterocyclic ring A is imidazole. 

'9. The process of .Claim .1^ wherein R is. a tetra-alkylammonium; tetra-arylammonium, tetra-alkyl- 
70 phosphbnium or tetra : arylphosphonium group, in. which the alkyl groups,, individually, contain, from 1 to 

6 carbon atoms, and the aryl groups, individually, contain from 6 to 10 carbon atoms. 

10. The process of Claim 1, wherein the ratio of heterocyclic borate salt to the dihydric phenol is within the 
range of from 0.01 to 0.5 mole %. 

*5 ; ■ . = . .■•*:* 

11. The process of Claim 10. wherein the ratio of heterocyclic borate salt to the dihydric phenol is within 
the range of from 0.05 to 0.15 mol %. * , 

12. The process of claim 1, wherein said reacting step is conducted at temperatures ranging from 200" to 
20 300 *C under an inert atmosphere, ^educed pressure or'both. 

13. The process of Claim 1, wherein n = 0. 

14. The process of Claim 1. wherein n = 1. , . 

15. The process of Claim . 1, wherein n = 2. 

16. The process of Claim 1, wherein n = 3. 
30 17. A heterocyclic borate salt of formula (I) 

M + B(R) n (A)- 4 -n (I) " " 



wherein M + is an alkali metal, ietra-alkylammonium, tetra-arylammonium, tetra-alkylphosphonium or 
35 tetra-arylphosphonium ion; R is H, alkyl, aryl or aralkyl; n is an integer from 0-3; and A is an aromatic or 
aliphatic heterocyclic ring, with the proviso that A is not benzimidazole or imidazole when n = 0 and 
that A is not pyrrole when n = 3. r 

18. The borate salt of Claim 1-7, wherein A is a heterocyclic ring .containing a -sulfur atom. 
40 "•• : *■ 

19. The borate salt of Claim 17, wherein A is a heterocyclic ring containing an oxygen atom. 

20. The borate salt of Claim 17, wherein A is a heterocyclic group containing a nitrogen atom. 
45 21. The borate salt of Claim 17, wherein n = 0, .... \ . ..<..«.: ... 

22. " The borate salt of" Claim 17, wherein n = 1. ........ ■ , ■ •; 

23. The borate salt of Claim li 7,'Wh'e'rejn n = ^/' " .... \'\ \ ...... . 



50 

24. The borate salt of Claim 17, wherein n = 3. 



25. The borate saft of Ciairfv 17,* wherein A is selected from the group consisting of oxazole, triazole, 
thiophene, furan, carbazole, indole, mdoline, pyrrolidine, , piperidine, , piperazine, phenoxazine; 
55 phenothiazine and morpholine. *' '"*' ' ! '. , . • . • - : . 



9 



BNSDOCIO <EP 0568151 A2_l_> 



'I r 





1/ 

i 



® 



Europaisches Patentamt 
European Patent Office 
Office eu rope en des brevets 



0 Publication number: 



0 568 151 A3 



© 



© Application number: 93201170.3 
@ Date of filing: 22.04.93 



EUROPEAN PATENT APPLICATION 

© int. CI. 5 : C08G 64730, C08G 64/04 



© Priority: 29.04.92 US 875319 


© 


Applicant: ENICHEM S.p.A. 


@ Date of publication of application: 




Piazza della Repubblica, 16 




1-20124 Milano(IT) 


03.1 1.93 Bulletin 93/44 








© 


Inventor: Jen, Kwan-Yue Alex 


® Designated Contracting States: 




8 Schindler Drive North 


AT BE CH DE DK ES FR GB GR IE IT LI LU MC 




Old Bridge, NJ 08857(US) 


NL PT SE 




Inventor: Moran, Terence 






2201 48th Street, 


® Date of deferred publication of the search report: 




Apt 1406 


05.01.94 Bulletin 94/01 




Tuscaloosa, AL 35405(US) 




© 


Representative: Roggero, Sergio et al 






Ing. Barzano & Zanardo Milano S.p.A. 






Via Borgonuovo 10 






1-20121 Milano (IT) 



CO 

< 



© Melt transesterification process for the production of polycarbonates. 

© A melt transesterification process for the produc- 
tion of polycarbonates, wherein at least one bis(aryl)- 
carbonate is reacted with at least one dihydric phe- 
nol in the melted state, in the presence of a tran- 
sesterification catalyst comprising at least one 
heterocyclic borate salt of the formula: 

M + B<R) n (A)- 4 -n (I) 

where M + is an alkali metal, tetra-alkylammonium, 
tetra-arylammonium, tetra-alkylphosphonium and 
tetra-arylphosphonium ion; R is H, alkyl, aryl or 
aralkyl; n is an integer from 0-3; and A is an ar- 
omatic or aliphatic heterocyclic ring. 



00 
CO 

in 



BNSDOCID: <EP 0568151 A3J_> 



Rank Xerox (UK) Business Services 
(3.10/3.6/3.3.1) 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Applicatioo Number 
EP 93 20 1170 



Category 



D.A 
D,A 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate. 
of relevant passages 



US-A-4 330 664 (BRUNELLE J. DANIEL) 

* claims 1-8 * 

PATENT ABSTRACTS OF JAPAN 
vol. Oil; no. 398 (0466)1987 
& JP-A-62 158 719 ( DAICEL CHEM IND LTD ), 

* abstract * 

EP-A-0 400 478 (GENERAL ELECTRIC COMPANY) 

* claims 1,16,17* 



The present search report has been drawn up for all claims 



Race of ■ 

THE HAGUE 



*'25 OCTOBER 1993 



Relevant 
to daint 



1,2 



CLASSIFICATION OF THE 
APPLICATION (Int. d.5 ) 



C08G64/30 
C08G64/04 



1-25 



CATEGORY OF CITED DOCUMENTS 

X : particularly rt(*vmnt if taken aJona 

Y : particuJ arty relevant if combined with another: 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



TECHNICAL FIELDS 
SEARCHED (Int. Q.5 ) 



C08G 



CATURLA VICENTE V. 



T i theory or principle underlying the Invention 
E : earlier patent document, bat published on, or 

after the filing data 
D : document dted in the application 
L : docummt dted for other reasons 



* : tocumant* patCnt 



BNSDOCID: <EP 0568 151 A3_l_> 



